of men (49.4%). [1] Conventional coronary angiography (CAG) is the gold standard diagnostic modality for CAD, but it is invasive and associated with several potential complications. Moreover, nearly half of the women who underwent invasive CAG were found to have nonobstructive CAD. [7] Multislice computed tomography (MSCT) CAG is highly accurate for the exclusion of significant coronary artery stenoses (>50% luminal narrowing), with high negative predictive values (NPVs), as compared with conventional CAG. [8] At present, the accuracy of MSCT diagnosis in women is still not clear. Data are mainly based on the male population, with only about 20% of the included patients being female. [8] Many of the studies that have been conducted have small sample sizes and conflicting results. [9] [10] [11] [12] In addition, whether atypical presentation influences the diagnostic accuracy of MSCT in women remains unknown. Moreover, the clinical utilization of MSCT in the diagnosis of CAD remains unreasonable. [13] This study aimed to investigate the effect of sex and atypical symptoms on the diagnostic accuracy of the current 64-slice MSCT CAG technique using conventional CAG as the reference standard.
Methods

Study group
Totally, 1246 in-patients who had performed CAG from January 2007 to February 2011 in the Peking University People's Hospital were included in the study. Demographic information, medical history, and clinical data were obtained from the patients' medical records. The exclusion criteria were nonsinus rhythm (145 patients), intolerance to iodine contrast (11 patients), renal dysfunction (serum creatinine levels ≥15 mg/L, 87 patients), pregnancy (0 patients), history of percutaneous coronary intervention or coronary artery bypass surgery (46 patients), uninterpretable images due to poor quality (72 patients), and other complications not suitable for MSCT (489 patients). Finally, a database of 396 patients with suspected or proven CAD on admission, who successively underwent both MSCT and invasive CAG, was reviewed. The median interval time between CAG and MSCT was 4 (0-8) weeks. CAD was diagnosed based on invasive CAG results, indicating stenoses of ≥50% in any coronary artery.
The patients were divided into typical and atypical groups based on their symptoms of angina pectoris. Typical angina symptoms were defined as the sensation of chest pain or discomfort that may feel like tightness, heaviness, or burning in the central chest. The discomfort might move or radiate to the shoulder, arms, jaw, neck, and back. Angina is typically precipitated by exertion or emotional stress, lasting only a few minutes and relieved by rest and nitroglycerin. Atypical angina lacks the described characteristics. This retrospective study was approved by the Ethics Committee of Peking University People's Hospital.
Multislice computed tomography
All the patients underwent coronary MSCT imaging using the General Electric LightSpeed volume computed tomography (GE Healthcare, Milwaukee, WI, USA). Patients with a heart rate of >65 beats/min received additional β blockers (25 or 50 mg of metoprolol) 1 h before the CT examination. Then, the patients were injected with 60-80 ml of iodinated contrast medium in the antecubital vein at a high flow rate (5 ml/s), followed by saline flushing and coronary CT angiographic examinations. The collimation was 64 mm × 0.625 mm; gantry rotation time was 350 ms, tube current was 600-750 mA, and voltage was 120 kV. Automated bolus-tracking in the aortic root was used for timing of the scan. All the images were acquired during a single inspiratory breath hold of about 10 s, with simultaneous electrocardiographic recording. Images were reconstructed in the cardiac phase showing least motion artifacts.
Multislice computed tomography data analysis
All images were interpreted in consensus by two experienced radiologists, who were unaware of the clinical presentations of the patients. The coronary arteries were divided into 13 separate segments according to the modified AHA classification. [14] CAD was defined as coronary artery stenoses of ≥50%. Coronary artery plaque was defined as an area of ≥1 mm 2 , and a clearly recognizable structure associated with the coronary artery wall in at least two independent image planes. Plaques with a CT density greater than that of the contrast-enhanced coronary lumen were defined as calcified plaques.
Conventional invasive coronary angiography
For patients with suspected or proven CAD who needed to undergo a second evaluation of coronary arteries, conventional invasive CAG was performed according to the standard protocols. CAD was defined as the presence of stenosis with a diameter of ≥50%. CAGs were visually assessed in consensus by two experienced observers who were unaware of the results of the MSCT CAG.
Statistical analyses
Continuous variables were expressed as mean ± standard deviation (SD) and compared between the two groups using the t-test for independent samples. When not normally distributed, continuous data were expressed as median (interquartile range) and compared between the two groups using the nonparametric Mann-Whitney U-test. Categorical variables were expressed as absolute numbers (percentages) and compared between the two groups using the Chi-square test. The diagnostic performance of MSCT was assessed in comparison with that of CAG, which was used as the reference standard. Diagnostic accuracy was evaluated on a segmental, vessel, and patient basis. Sensitivity, specificity, positive predictive value (PPV), and NPV were calculated. The Youden index was calculated as (sensitivity + specificity − 1) to summarize both sensitivity and specificity in a single number between 0 and 1. The higher the Youden index, the better the diagnostic accuracy of the test. Multivariate logistic regression analyses were performed to determine the influencing factors on the diagnostic accuracy of MSCT. The diagnostic performance of MSCT was assessed using the area under the receiver operating characteristic curve (AUC) of the receiver operating characteristic (ROC) curves, taking 50% or greater diameter stenoses at conventional invasive CAG as the reference standard. All P values were two-tailed and a significance level of <0.05 was used. All statistical analyses were performed using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). Table 1 lists the baseline characteristics of the entire study population. In this study, 396 patients were enrolled, including 141 women and 255 men. According to the results of CAG, CAD diagnosis was established in 346 patients and ruled out in 50 patients. On average, the women were older than the men (67 ± 10 vs. 62 ± 11 years, t = 4.416, P < 0.01). Hypertension and diabetes were more frequent in the women. The number of male smokers was significantly greater than that of female smokers, and more women had no CAD. Women showed a lower prevalence of lesions in mid-segments or side branches. With regard to calcified plaque on MSCT, and the number of diseased and culprit vessels on invasive CAG, no much difference was found between the two groups. Table 2 lists the diagnostic accuracy of MSCT in the total population. Of the 396 patients, 328 had obstructive CAD on conventional invasive CAG that were correctly identified by MSCT, resulting in a sensitivity of 95% (95% confidence interval [CI ]: 93-97%). Eighteen patients (36%, 18/50) were identified as false positive. On a per-patient level, the sensitivity, specificity, PPV, NPV, total accuracy, and Youden index were 95%, 64%, 95%, 64%, 91%, and 0.59, respectively. The diagnostic performance of MSCT for detecting significant stenoses in a vessel-based analysis was good. The Youden index was 0.63. Most of the significantly diseased vessels (75%, 570/756) were correctly identified using CT. Ninety-six vessels (12%, 96/828) with nonsignificant stenoses were incorrectly classified as significant stenoses using CT. The diagnostic accuracy of MSCT in detecting left main (LM) CAD is the highest (91% vs. 82%, compared with all vessels, χ 2 = 10.120, P < 0.05). MSCT had a lower diagnostic accuracy (74% vs. 82%, compared with all vessels, χ 2 = 12.432, P < 0.05) in detecting lesions of left circumflex coronary. On a per-segment basis, the diagnostic values of MSCT in detecting lesions in distal segments and side branches were low, and the Youden indexes for each segment in comparison with all the segments were 0.22 versus 0.4 (u = 7.493, P < 0.05) and 0.15 versus 0.4 (u = 6.767, P < 0.05), respectively. Table 3 shows the diagnostic accuracy of MSCT in the women compared with that in the men. On a patient-based analysis, the PPV (91% vs. 97%, χ 2 = 5.705, P < 0.05) and diagnostic accuracy (87% vs. 93%, χ 2 = 5.093, P < 0.05) of MSCT in detecting CAD were lower in the women. The women had a lower Youden index (0.45 vs. 0.70, u = 2.584, P < 0.05) in MSCT diagnosis. In the CAD population diagnosed using conventional invasive CAG, 93% (110/118) of the female patients and 96% (218/228) of the male patients were correctly identified using MSCT. Eleven women (48%, 11/23) and 7 men (26%, 7/27) with nonsignificant CAD were incorrectly classified as having significant coronary stenoses using CT.
results
Patient characteristics
Multislice computed tomography in all the patients
Women compared with men
On a per-vessel basis (LM, left anterior descending, left circumflex, and right coronary arteries), 564 coronary arteries in women and 1020 vessels in men were included in the study. The diagnostic accuracy was similar between the women and the men. The Youden index showed no significant difference. Using MSCT, 76% (186/244) of vessels in the women and 75% (384/512) of vessels in the men were correctly diagnosed. Thirty-eight vessels (13%, 38/290) in the women and 58 vessels (11%, 58/508) in the men with nonsignificant stenoses on invasive CAG were misdiagnosed using CT.
After exclusion of 104 segments (23 for women and 81 for men) owing to small vessel size, motion artifacts, and undetectable distal segments due to total occlusion of the proximal vessel, 1534 coronary segments in the female population and 2718 segments in the male population were included in this study. On a per-segment basis, the NPV (87% vs. 83%, χ 2 = 8.563, P < 0.05) and diagnostic accuracy (82% vs. 79%, χ 2 = 5.916, P < 0.05) of MSCT in detecting CAD were higher in the women. However, the PPV was relatively low in both groups for all the segments (60% and 63%, respectively) and extremely low in distal segments and side branches (30-50%). Thus, the diagnostic values were low for both groups (Youden index: 0.42 and 0.39, respectively).
Factors that influence the diagnostic accuracy of multislice computed tomography in women
According to the MSCT results with conventional invasive CAG as the reference standard, patients with true positive and true negative results were defined as the accurate diagnosis group. Table 4 shows that the percentage of men was significantly higher in the accurate diagnosis group. Atypical angina pectoris and calcified plaques were less frequent in the accurate group. Multivessel diseases were significantly more frequent in the accurate group. In the multivariate logistic regression analysis, atypical presentation was an independent influencing factor of the diagnostic accuracy of MSCT in the women (odds ratio [OR] = 4.94, 95% CI: 1.16-20.92, Walds = 4.69, P < 0.05). Multivessel disease (OR = 31.34, 95% CI: 3.6-272.6, Walds = 9.7, P < 0.01) and noncalcified plaque (OR = 4.96, 95% CI: 1.01-24.51, Walds = 3.87, P < 0.05) were also independent influencing factors.
The whole population was divided into two groups, namely, the typical and atypical groups, according to angina pectoris symptoms. Table 5 shows that in a patient-based analysis, the PPV (98% vs. 74%, χ 2 = 17.283, P < 0.001) and diagnostic accuracy (93% vs. 72%, χ 2 = 9.571, P < 0.001) of MSCT in detecting female CAD were significantly higher in the typical group than in the atypical group. The women in the typical group had a higher Youden index (0.69 vs. 0.29, u = 2.359, P < 0.05) in MSCT diagnosis. Not much difference was observed for MSCT in the diagnosis of male CAD between the two groups.
The diagnostic performance of MSCT to detect coronary stenoses of ≥50% was further investigated with respect to the ROC curve. For all the patients, the AUC was 0.84 (95% CI: 0.77-0.90), suggesting a good accuracy. The diagnostic power of MSCT in men was greater than that in women. The AUC were 0.90 (95% CI: 0.83-0.97) for men and 0.74 (95% CI: 0.62-0.87) for women (Z = 2.194, P < 0.05). In women, patients with typical symptoms had a higher AUC (0.91, 95% CI: 0.83-0.99) than those with atypical symptoms (0.64, 95% CI: 0.45-0.82, Z = 2.690, P < 0.01). However, in the men, no significant difference in AUC was found between the typical and atypical groups.
dIscussIon
Our findings suggest that the PPV (91% vs. 97%, P < 0.05) and diagnostic accuracy (87% vs. 93%, P < 0.05) of MSCT in detecting CAD were lower in the women than in the men. This result was similar to that of Dewey et al.'s study. [12] A more important finding is that our results suggest that both gender and atypical symptoms may influence the diagnostic accuracy of MSCT.
Many studies have proven that angina symptoms differ between men and women. [1] [2] [3] Men usually present typical symptoms whereas women most often present atypical angina symptoms. These discrepancies often lead to an increase in misdiagnosis rate in female patients. [1] [2] [3] MSCT angiography is an ideal noninvasive modality for detecting obstructive CAD. [15] [16] [17] Numerous studies have proven that significant sex-related differences exist not only in the incidence and prognosis of atherosclerosis disease but also in the accuracy of different clinical examination methods. [18] [19] [20] Anatomic and physiological differences, including body composition, heart rate, coronary calcium level, and coronary diameter between women and men, may affect the diagnostic performance of MSCT. As we know, Eastern women have even smaller body sizes. Our study proved sex-related differences in the performance of MSCT in detecting obstructive CAD.
In our study, the sensitivity, specificity, PPV, NPV, and accuracy of MSCT in detecting CAD were 95%, 64%, 95%, 64%, and 91%, respectively, on a per-patient level. The per-patient-based specificity and NPV were lower than those in other studies. [21] [22] [23] The sensitivity, specificity, PPV, NPV, and diagnostic accuracy of MSCT on a per-segment level were 50%, 90%, 62%, 85%, and 80%, respectively. Its sensitivity and NPV were also relatively low. Besides the technical problems, smaller body size and vascular lumen diameter may be possible reasons. In addition, our study population was almost 5 years older than that of other studies. The prevalence of calcified plaques was also relatively high in our study.
In our study, the women with typical angina pectoris had higher PPV and diagnostic accuracy in MSCT diagnosis. Thus, the diagnostic accuracy of MSCT may be different in women with atypical symptoms. Several studies previously investigated the diagnostic accuracy of MSCT in female coronary heart disease, yielding inconclusive results. Some studies found no significant difference in the performance of MSCT between women and men. [8, 9] While the study of Meijboom et al. [11] suggested a similar sensitivity in diagnosing coronary stenoses between the sexes, the specificity for detection of obstructive CAD (especially in distal and side coronary branches) was significantly lower in the women than in the men.
Another study reported that MSCT has similar specificity between the sexes but lower sensitivity and accuracy in women. [12] The inconsistent results between diagnostic studies may be related to the remarkable difference in the number of patients in each study. However, we should consider that the prevalence of CAD is remarkably lower in women than in men. Nonobstruction artery disease and positive remodeling of blood vessels are more common in women. [7, 24] After adjustment for body surface, the diameter of the female coronary artery was still smaller than that of the male coronary artery. [25] Studies have proven sex-related differences in plaque morphology on coronary computed tomography angiography. [26, 27] Males tended to have more calcified plaques than females, with a greater tendency to have multiple vessel involvement. All of these factors might contribute to the significant differences in the diagnostic accuracy of MSCT between women and men. In our study, the diagnostic value of MSCT in the detection of CAD was lower in the women than in the men. However, it is still a reliable modality for the exclusion of significant coronary artery stenoses in both sexes. Our study suggests that both gender and atypical symptoms might influence the diagnostic accuracy of MSCT.
Our study is limited by its single-center retrospective design and the relatively small number of patients included. The study did not include the data about the prognosis. Quantitative analysis of calcification and morphologies of plaques were not studied due to technical limitations. Meanwhile, age and the prevalence rates of hypertension and diabetes were significantly higher in the women than that in the men, which might influence the results in our study. 
